The calculations of the electronic and structural properties for interactions of Sarin with 
INTRODUCTION
Chemical warfare agents (CWAs) have been used in the World Wars that to cause killing and injuring a large number of people 1 . The stable complexes of CWAs with acetylcholine esterase enzyme at cholinergic synapses of nervous systems (in humans) leads to a variety of effects such as hypotension, muscle tremors and convulsions 2 . Sarin is the nerve agent of CWA.It is a derivative of methyl phosphono fluoridate, Fig1. CWAs are far too dangerous for experimental study. Hence, researchers prefer to use theoretical methods to investigate their decomposition possibility. The nano metal oxides with low coordination number 3 have unusual electronic properties and adsorption behavior due to their defect sites (Frenkel&Schottky), Lewis acid (metal cations) sites, Lewis base (oxide anions) sites and, high surface area 4, 5 . Decomposition adsorptionof Chemical warfareagents (CWAs) on nano metal oxides yields non-toxic products.Dimethyl methylphosphonate, [ 
Model and simulation details
Studies by Harrison have shown that DFT method with Lee-yang-Parr's correlation Functional (B3LYP) provides better agreements with experimentally derived band gaps for a wide class of zinc-blend and wurtzite-structured III-V materials 20 . Therefore, in this work, the B3LYP level of DFT has been used for all of the calculations and B3LYP values have been scaled by a factor of 0.96 21 . But one concern lies in choice of basis sets on the accuracy of the final results. The experimentally rotational constants are related to molecular geometry 22, 23 . Therefore, the rotational constants of the optimized Sarin at B3LYP/6-31G (d), B3LYP/6-31+G(d) and B3LYP/6-31++G(d,p) have been calculated and compared with the experimental values for choice the suitable basis set. The error is being defined as ((Cal-Exp)/Exp) and summed over all three rotational constants.
The calculations of the electronic and structural properties for interactions between the Sarin and ZnO (Figs.2,3 (Figs.8,9 ) have been conducted by DFT method, in conjunction LANL2DZ for metal, as implemented in the Gaussian 09 program package 24 .
A small cluster of nanocone containing four Zn atoms (or Cd atoms) and four O atoms with disclination angle equal to 240º and height equal to 4 have been created by Nanotube Modeler 2014 software 25 .
In this article, the geometry of the Sarin and MO have been fully optimized while the M 4 O 4 (M=Zn or Cd) has been fully frozen. The geometry of connected systems of P1 and P2 complexes has been fully optimized.
For evaluation of basis sets difference for adsorbed systems, the interaction energies (∆E int ) of studied adsorption systems have been corrected by the Basis Set Superposition Error (BSSE), Eq.1.
... (1) that the first term in ∆E int is the energy of the adsorbed system and the next two terms are the energies of the bare M n O n (M= Zn, Cd and n= 1,4) and the free Sarin molecule, respectively,and ∆E(BSSE) is correction of BSSE.
The harmonic vibrational frequencies of the fully optimized structures have been calculated to confirm the stationary point as a local minima with all positive frequencies. The electronic properties of nanostructures have been described by lowest unoccupied molecular orbital (LUMO) and highest occupied molecular orbital (HOMO) 26 .
RESULTS and DISCUSSIONS
In this work, we have focused on the rotational constants of Sarin for choosing the suitable basis set. The Sarin structure has been optimized at B3LYP level of DFT with 6-31G(d),6-31G+(d) and 6-31++G(d,p) basis sets. The results for the rotational constants in Table 1 shows that the average error of calculated rotational constants are about 8.4% for B3LYP/6-31G(d), 11% for B3LYP/6-31G+(d) and 3.5%for B3LYP/6-31++G(d,p). Therefore, the calculated rotational constants by B3LYP/6-31++G(d,p) with the smallest error are in more agreement with the experimental values withrespect to other.Thus, we are focused on the B3LYP/6-31++G (d,p) results for the next calculations.
The structural stability of nanostructures can be described by calculated energy. In this work, the interaction between Sarin and M n O n (M=Zn or Cd and n=1,4) has been studied for two position of connection. The P1 Position indicates the interaction of oxygen from P=O group of SarinM n O n .TheP2 position is related to interaction of Fluorine of Sarin with metal from M n O n . Table 2 presents the corrected interaction energies, dipole moments, bond lengths and natural charge of oxygen and metalfor all the interacting systems.
The interaction energy of Sarin with ZnO,P1 (Fig.2) , ZnO,P2 (Fig.3) , Zn 4 O 4 ,P1 (Fig.4) , Zn 4 O 4 ,P2 (Fig.5) , CdO,P1 ( Fig.6) , CdO,P2 ( Fig.7) , Cd 4 O 4 ,P1 (Fig.8) and Cd 4 O 4 ,P2 (Fig.9) Also, the NBO analysis shows that natural charge of oxygen in P=O group and metal changes more at P1 complexes than the P2.
Since the increase of electron transfer is occurred with the decrease of the energetic difference between highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO), the selection of metal oxide with for adsorption of types of gases becomes possible.
The electron transition is a factor of strength of interaction. Thus, the narrow band gap between the HOMO and LUMO levels results in easy transition of electrons from HOMO level to LUMO. It is important to pay attention that the gap of HOMO-LUMO energy for CdO and Cd 4 O 4 are same and equal to 2.04 eV.Also, a small change can be seen in E gap of Sarin, CdOcomplexes, about 29.41% in P1 and 30.39% in P2 complexes. By comparing E gap of MO (M= Zn or Cd) complexes, it is clear that change of E gap for P1 complex of ZnO is more than CdO complex and P2 complexes of MO.
The obtained results show that by varying size of metal oxide mentioned in Table 3 As pointed in Table 4 , the charge transfer (Q T ) of P1 complex of ZnO (0.0194) is more than CdO (0.0142). This result is related to strong interaction of ZnO with Sarin at P1 position. As seen in the figure 1, the bond of propyl is fractured due to interaction of ZnO with Sarin, and this nerve agent is decomposed. 
